When Erwinia chrysanthemi was grown in a sodium polypectate/yeast extract/salts medium adjusted with sorbitol to water activity (a,) values of 0.990 and 0.980, extracellular pectate lyase (PL) production was repressed, whereas intracellular PL levels were not affected. Inorganic solutes (NaCl, LiCl, KCl, Na2S04 and a NaCl/KC1/Na2S04 mixture) at 0.990 a, strongly stimulated the intracellular levels of PL (6-to 17-fold greater than the control), whereas extracellular levels were only slightly increased. Intra-and extracellular PL levels were not affected by LiCl, NaCl and KCl at 0.995 a,. A NaCl/sorbitol mixture (0-990 a,) completely inhibited extracellular but not intracellular PL production. Lowering of the a, of cultures during mid-exponential growth phase with NaCl(O.990 a,) resulted within 30 min in a 70-fold increase in intracellular PL activity. When sorbitol was used in similar experiments, extracellular PL production was inhibited to a greater extent than intracellular levels.
INTRODUCTION
Extracellular production of pectic acid lyase (PL), also known as polygalacturonic acid transeliminase (EC 4.2.2.2), by Erwinia chrysanthemi is profoundly influenced by the water activity (a,) of the growth medium (Mildenhall et al., 1981 a, b) . PL production was increasingly repressed with lowered a, when organic solutes (lactose, mannose, sorbitol and D-arabinose) were used as a, adjusters whereas NaCl stimulated enzyme production at 0-990 a,. A major problem encountered in a, studies is to resolve whether the effects of a particular solute are due to its effect upon water removal or to the effects of the solute per se upon the organism. Sodium chloride is the standard inorganic solute used in a, studies. Because the effect of NaCl upon extracellular PL production was different from that of the organic solutes we extended our studies to include LiCl, KCl and Na2S04 as a, adjusters. Sodium sulphate was included for comparison in order to assess whether chloride ions exerted a specific effect.
Several patterns of PL synthesis and excretion have been reported in Erwinia, Yersinia and Klebsiella (Chatterjee et al., 1979) . In their strain of E. chrysanthemi, PL activity was located mainly extracellularly whereas in Erwinia carotovora the enzyme was found in the cytoplasm, periplasm and extracellular fluid. In Klebsiella pneumoniae PL was confined to the cytoplasm. The effects of a,, reported previously, upon extracellular PL levels in E. chrysanthemi suggested that this system may help elucidate the mechanism of PL regulation in this organism.
We investigated (i) the effect of a, (sorbitol, NaCl, Na2S04, KCl and LiC1) upon intracellular and extracellular PL production and (ii) the effect of changing the a, (sorbitol; NaCl) of the medium in the mid-exponential phase of growth, upon PL synthesis and excretion in E. chrysanthemi. The results show that intracellular PL levels are generally elevated by inorganic solutes at 0-990 a,, particularly by the sodium salts and LiCl whereas sorbitol failed to exert this effect. Extracellular PL production is severely repressed by sorbitol.
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Organism, inoculurn and medium. The same isolate and yeast extract salts (YS) medium described previously (Mildenhall et al., 1981 b) were used. Inoculum for all experiments was grown in glucose YS medium and prepared as described previously. In all growth and enzyme studies the organism was grown in sodium polypectate (NaPP)YS medium.
Water activity adjusters. Sorbitol was filter sterilized (Millipore; 0.5 pm) in half the volume of water and NaPP-YS autoclaved in the other half. The sorbitol solution was added to the cooled NaPP-YS medium after autoclaving. Water lost during autoclaving was replaced. The inorganic solutes (LiCl, NaC1, Na2S04 and KCl) were autoclaved in one quarter volume of water and the NaPP-YS in the remaining three quarters.
The amount of solute required to prepare media of various a , values was determined for NaCl and KC1 from the data of Robinson & Stokes (1955) and for sorbitol as described previously (Mildenhall et al., 1981 a) . A standard curve for the a, determination of LiCl and Na2S04 solutions was prepared by using a Wescor psychrometer (Prior et al., 1977) . The mass of LiCl required per kg of medium at 0.995 and 0.990 a , was 5 3 0 g and 14-00g, respectively. A kg of medium required 19-17 g Na2S04 (anhydrous) to obtain 0.990 a,. The formula for the NaC1/KCl/Na2S04 mixture (0.990 a,) was obtained from the data of Scott (1953) . The mass of NaCl and sorbitol required to obtain a desired a, for a mixture of these solutes was calculated according to Chirife et al. Growth and enzyme studies. Cultures were grown in 250 ml side-arm Erlenmeyer flasks, each containing 40 ml medium on a Gallenkamp orbital shaker (30 "C; 180 r.p.m.; 30 mm throw). Growth was measured by recording the A600 on a Bausch & Lomb Spectronic 20 spectrophotometer. Five flasks of each a, were prepared. At suitable intervals flasks were removed and the contents centrifuged (6000 g; 20 min; 4 "C). The supernatant was assayed for extracellular PL (Mildenhall et al., 1981 b) . The pellet was washed twice by resuspension in 10 ml salts medium (YS medium without yeast extract and carbon source) containing the appropriate a, adjuster. The washed pellet was resuspended in 2 ml phosphate-saline buffer (0.01 M-N~~HPO,/KH~PO, pH 7.2 and 1.4%, w/v, NaC1) and stored at 0 "C until sonicated. All samples were sonicated for 3 x 20 s bursts with a 5 min cooling interval in a MSE sonicator at about 50% of the maximum amplitude. The sonicated samples were centrifuged (35000 g; 70 min; 4 "C) in a Beckman model J 21 centrifuge and the supernatant fluid was assayed for intracellular PL activity and protein (Lawry method).
Mid-exponential growth phase studies. Erwinia chrysanthemi was grown in double strength NaPP-YS medium (20 ml per flask) until A600 reached 0.30. A sterile solution of either NaCl or sorbitol was added to each flask (20 ml per flask) to give a final a , of 0.995 (NaCl), 0.990 (NaC1 or sorbitol) or 0.980 (sorbitol). Control flasks received 20 ml water. Five flasks were prepared for each solute-a, combination and assayed for PL at suitable intervals as described above.
RESULTS
Efect of a, on growth and accumulation of intra-and extracellular PL In control flasks (0.998 a,) extra-and intracellular PL levels increased exponentially with growth (Figs 1 and 2) until the stationary phase. At 0.995 a , (NaCl) less extracellular PL was produced and at a slower rate than the control whereas intracellular levels were similar to the control. At 0-990 a, (NaC1) the specific growth rate (p = 0.38 h-l) was less than the control (p = 0.53 h-l), however, the intracellular PL level was elevated (Fig. 1) . Sorbitol (0-990 and 0.980 a,) strongly repressed extracellular but not intracellular PL production (Fig. 2) .
Efect of other ionic compounds and mixtures upon growth and PL production When E. chrysanthemi was grown in media adjusted with either LiCl (O.990 a,) , KCl (0.990 a,) or Na2S04 (0.990 a,) , the specific growth rates were similar (p = 0-35, 0.34 and 0.33 h-l, respectively) and only 26% less than the control (Fig. 3) . A diauxic growth pattern was observed at 0-990 a, when KC1 and Na2S04 were used to adjust a,, however, the rate of extracellular PL production was not affected during the lag (Fig. 3) . Extracellular PL production was slightly stimulated by KC1 and Na2S04 but not by LiC1. A different pattern was obtained for the intracellular PL. At late-exponential phase PL levels were 30-, 3-and 1 1-fold greater than the control in media adjusted with LiCl, KCl and Na2S04, respectively (Fig. 3) . A sorbitol/NaCl mixture (0.990 a,) repressed extracellular PL production completely although the specific growth rate Fig.  1) and sorbitol (Fig. 2). (p = 0.55 h-l) was similar to the control (Fig. 4) . A strong stimulation (Fig. 4) of intracellular PL production occurred at 0.990 a, (NaCl/KCl/Na,SO,). The specific growth rate (p = 0.41 h-l) was slightly less than the control.
Addition of a , adjuster in mid-exponential phase of growth When NaCl solutions were added to cultures of E. chrysanthemi growing in double strength NaPP-YS medium (0.996 a,) to give final a, values of 0-995 and 0.990, respectively, p was not affected (Fig. 5) . At 0.995 a, PL levels were not affected greatly; however, at 0.990 a, a 70-fold increase in intracellular PL levels occurred within 60min of NaCl addition. In a similar experiment, the addition of sorbitol(0-990 and 0.980 a,) reduced p of the control by 40 and 51 %, respectively (Fig. 6) . Extracellular PL production after sorbitol addition was substantially reduced at 0.990 and abruptly terminated at 0.980 a,. Intracellular PL levels were repressed. (Fig. 3) or NaCl/sorbitol and NaCl/KCl/Na,SO, (Fig. 4) mixtures.
Eflect of a, on the spectijc activity of intra-and extracellular PL The mean extracellular specific activity of PL was less than the control (Table 1) at 0.995 a , (LiCl, NaCl and KC1) and at 0.990 a , (LiCl and sorbitol). At 0.990 a , (KCl and Na,SO,) the mean specific activity was greater than the control. The intracellular specific activity of PL was markedly higher than the control at 0.990 a , (NaCl, LiC1, KCl and Na,SO,) particularly for LiC1.
DISCUSSION
The specific growth rate of E. chrysantherni generally decreased when the a , was lowered with most of the solutes employed, however, the nature of the a , adjuster markedly affected levels of intra-and extracellular PL (Table 1 ). The data suggest that p is independent of PL production. (Fig. 5) and 0-990 and 0-980 a, with sorbitol (Fig. 6) . The arrows indicate the time of adjustment. Sorbitol(O.990 a,) repressed extracellular PL 50-fold, however, p was similar to the control (Fig.  2) . Ionic a , adjusters (0.990 a,) repressed p (75% of control), whereas extracellular PL production was similar to, or greater, than the control and intracellular PL levels were 6-to 17-fold greater. The ability of E. chrysantherni to grow in NaPP-YS medium (sorbitol 0.990 and 0-980 a,) in the presence of low levels of extracellular PL is unexplained, however, Chatterjee et al. (1 98 1) have shown that E. chrysanthemi also produces polygalacturonase which may be active at these a, values. Erwinia chrysantherni cannot use sorbitol as a growth substrate (Mildenhall et al., 1981a) .
Intracellular PL stimulation by ionic compounds (0.990aW) was in the order of LiCl > Na,SO, > NaCl > KC1, whereas extracellular PL levels were in the order of KC1 > Na2S04 > NaCl. In the presence of sorbitol, NaCl failed to stimulate intracellular PL ( Fig. 4) and extracellular levels were severely repressed. The differential effects of these solutes suggest that intra-and extracellular PL synthesis is regulated independently. In contrast to our findings Kuo & Lampen (1971) reported that KCl, MgS04 and sorbitol stimulated release of invertase by protoplasts of Saccharomyces cerevisiae and the optimum a, for enzyme release was similar for all three compounds. Intracellular invertase production, however, was stimulated to a greater degree by the ionic compounds. Furthermore, it is known that release of enterotoxin A by Staphylococcus aureus is inhibited by a , (Troller, 1972) .
The rapid increase in intracellular PL when NaCl is added to a mid-exponential phase culture suggests a rapid increase in protein synthesis rather than an inhibition of PL excretion because the rate of extracellular PL production remained similar to that before the addition of NaCl (Fig. 5) . The response of the kdp operon in Escherichia coli to an osmotic shift occurred within 30 min and affected the cell at the transcriptional level (Laimins et al., 1981) . Sorbitol however, may primarily inhibit PL excretion in E. chrysanthemi rather than protein synthesis (Fig. 6) .
